A major sequelae of lumbar fusion is acceleration of adjacent-level degeneration due to decreased lumbar lordosis. We evaluated the effectiveness of 4 common fusion techniques in restoring lordosis: instrumented posterolateral fusion, translumbar interbody fusion, anteroposterior fusion with posterior instrumentation, and anterior interbody fusion with lordotic threaded (LT) cages (Medtronic Sofamor Danek, Memphis, Tennessee). Radiographs were measured preoperatively, immediately postoperatively, and a minimum of 6 months postoperatively. Parameters measured included anterior and posterior disk space height, lumbar lordosis from L3 to S1, and surgical level lordosis.
Figure:
Parameters measured included anterior (thick white line) and posterior disk space height (thin white line), lumbar lordosis from L3 to S1 (solid black line), and surgical level lordosis (dashed black line) for instrumented posterolateral fusion.
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I mproving sagittal alignment in the lumbosacral spine following fusion for degenerative spinal disease remains an important goal of surgery. Numerous surgical techniques have been promoted as improving lumbar lordosis, elevating the height of the disk, and facilitating the decompression of the neural elements. [1] [2] [3] [4] [5] [6] [7] [8] [9] The contention that 1 procedure is better in restoring lordosis remains controversial and unproven for all techniques. More importantly, the question of whether improved lordosis imparted by a specifi c technique is maintained over an extended period of time, thereby delaying or preventing the onset of adjacent-level degeneration, remains unanswered. 10 Interbody support techniques are frequently cited as a reliable method of maintaining or improving segmental sagittal profi le. [1] [2] [3] 5, 7, 8, 11 The historical use of structural autograft has recently been supplemented by the increasing popularity of synthetic cages. Numerous cage confi gurations are available. Wedge-shaped cages are generally preferred because studies have shown this geometric shape to have a signifi cant impact on the improvement of lordosis. 1, 4 Anterior cages have been cited as the most reliable method to restore anterior lordosis and disk space height. [5] [6] [7] Furthermore, superior fusion rates, maintenance of lordosis, and similar outcome measures were observed in 2 prospective randomized studies comparing the use of lordotic threaded interbody cages combined with either iliac crest bone graft, recombinant human bone morphogenetic protein 2 (rhBMP-2), or allograft-threaded interbody dowels combined with either iliac crest bone graft or rhBMP-2.
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Posteriorly placed wedged cages have been shown in a prospective randomized study to maintain but not improve segmental lordosis following a posterior lumbar interbody fusion combined with pedicle instrumentation. 1 As a result of this controversy, we retrospectively reviewed the radiographs of 4 single-level interbody fusion techniques to determine their effectiveness in maintaining or improving lumbar lordosis at a minimum of 6 months postoperatively.
MATERIALS AND METHODS
This is a single-center, retrospective review of age-and sex-matched patients who underwent a single-level instrumented decompression and fusion between L4/5 and L5/S1. Four techniques were evaluated: instrumented posterolateral fusion, transforaminal lumbar interbody fusion, anteroposterior fusion with posterior instrumentation, and anterior interbody fusion with lordotic threaded (LT) cages (Medtronic Sofamor Danek, Memphis, Tennessee). Radiographs were measured preoperatively, immediately postoperatively, and a minimum of 6 months postoperatively by 3 spine surgeons (J.R.D., V.M.V., J.L.E.) on 2 separate occasions. Parameters measured included anterior and posterior disk space height, lumbar lordosis from L3 to S1, and surgical level lordosis using a digital protractor (Figure) .
All statistical analysis was done using SPSS version 16.0 (SPSS, Inc, Chicago, Illinois). Fisher's exact test was used to compare categorical variables among the 4 groups. One-way analysis of variance was used to compare radiographic parameters among the 4 groups. Inter-and intrarater evaluation of reliability was done using intraclass coeffi cient correlations.
RESULTS
No signifi cant difference in age, sex, smoking history, and length of followup existed among the 4 groups ( Table 1 ). All preoperative radiographic parameters were similar among the 4 groups. Lumbar lordosis at fi nal follow-up showed no difference between the anteroposterior fusion with posterior instrumentation, transforaminal lumbar interbody fusion, and LT cage groups, whereas the instrumented posterolateral fusion group showed a signifi cant loss of lordosis (Ϫ10.0Њ) (PϽ.001). Immediately postoperatively and at follow-up, the LT cage group had a signifi cantly greater amount of lordosis compared to the other groups. The LT 
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cage group also showed maintenance of anterior and posterior disk space height postoperatively when compared with the anteroposterior fusion with posterior instrumentation, transforaminal lumbar interbody fusion, and instrumented posterolateral fusion groups. At fi nal follow-up, the greatest increase in the anterior and posterior disk space height was in the LT cage group (Table 2) . Inter-and intrarater reliability coeffi cients are summarized in Table 3 .
DISCUSSION
Signifi cant attention is focused on which surgical technique is the most effective in maintaining physiologic lumbosacral sagittal balance. This focus is partially a result of numerous reports of surgically induced lumbosacral fl atback deformities and the extensive surgery required to correct these deformities. 9, 15 Consequently, a great deal of discussion has centered on why these deformities occur and the best methodology to identify which patients present with a preexisting sagittal imbalance and how to prevent them. Certain techniques promote lumbosacral imbalance and vary in their ability to correct any potential positive sagittal imbalance.
Looking at sagittal imbalance, it is important to appreciate that the entire spinal axis is responsible for a normal sagittal alignment. 11 Roussouly et al 16 offers a classifi cation system for the types of normal physiologic lumbosacral lordosis and their effect on long-term lumbosacral balance. Studies on high-grade spondylolisthesis and sagittal balance have presented strong evidence that maintaining and correcting the lumbosacral segment kyphosis intrinsic to these deformities results in a major realignment of not only the lumbosacral lordosis but the entire global spinal axis. 11, 17 It has long been assumed that the anteroposterior fusion with posterior instrumentation procedure was signifi cantly superior in achieving restoration of lum- The technique consisted of a PEEK bullet-shaped cage (Capstone; Medtronic Sofamor Danek) combined with posterior pedicle instrumentation. The advantages to this technique are a single-stage procedure with equivalent lordosis correction and maintenance when compared with the anteroposterior fusion with posterior instrumentation procedure. The disadvantage to the technique is that this cage may also have the potential to decrease the amount of lordosis due to its placement in a back-to-front position where it blocks the posterior third of the vertebral bodies from coming into closer apposition and consequently lordosis when the pedicle screws are compressed. Crescent cages that can be moved into the anterior aspect of the disk space and thus overcome this problem and allow for increased lordosis with pedicle compression (particularly when combined with a SmithPetersen osteotomy) were not assessed in this current study.
The ramped LT interbody cages were the most effective in achieving increased segmental lordosis and elevation of the disk space. They required a unidirectional anterior approach and appeared to provide the most initial lordosis and maintenance of the correction and increase in the anterior and posterior disk space. This elevation may be a result of the extensive visualization and preparation of the disk space allowing for its elevation along with the ramped nature of the cage.
The fi nal technique evaluated was traditional instrumented posterolateral fusion combined with instrumentation. This timehonored technique performed signifi cantly worse in maintaining lordosis with loss of anterior and posterior disk space height. This is the only 1 of the 4 procedures that lacks some form of anterior interbody support, which may be the most likely cause of loss of lordosis and disk space height. It is unknown if the loss of lordosis leads to adjacent-level degeneration, but current thinking is that loss of lordosis is not a favorable situation. Lumbosacral fusion has been shown to predispose the spine to the development of adjacent-level degenerative disk disease. 10 Because of this loss of lordosis, one can hypothesize that because of the frequent need for additional level fusion surgery with degenerative disk disease, the compounding effect of sequential fusion and loss of lordosis may lead to the inevitable development of some degree of fl atback syndrome. This study shows that the amount of lumbosacral lordosis is affected by the type of fusion procedure that surgeons choose for their patients. Long-term studies on the effect of various commonly used surgical procedures on lumbosacral and global sagittal alignment are critical to fully elucidate their effects, since the primary shortcoming of this study is the length of follow-up. These long-term effects may, in combination with inevitable degenerative changes, lead to a greater propensity to develop a troublesome positive sagittal imbalance. This study's focus is specifi cally limited in time and scope to the serial measurement of segmental lordosis and disk space height of the lumbosacral spine following 4 commonly used fusion procedures and provides early data concerning their effects on lumbar lordosis. During the time frame of this study, we found that instrumented posterolateral fusion produces a greater loss of lordosis compared with anteroposterior fusion with posterior instrumentation, transforaminal lumbar interbody fusion, and LT cages, all of which provide varying degrees of anterior interbody support. Finally, the maintenance of lordosis and anterior and posterior disk space height is signifi cantly better with anterior interbody fusion with LT cages compared with instrumented posterolateral fusion, anteroposterior fusion with posterior instrumentation, and transforaminal lumbar interbody fusion procedures. Further studies are necessary to determine if these results are maintained in the long term and whether it affects clinical outcomes and the incidence of adjacentlevel degeneration.
